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Purpose:  The paper presents a review of the likely impact on supply chain management (SCM) 
in small and medium sized enterprises (SMEs) of a number of concurrent developments in 
World Wide Web (WWW) technology.  
The “Semantic Web” is a development in which software applications on one computer are able 
to talk directly and intelligently to software applications on any other computer via the Internet. 
“Software agents” are programmes that search, reason and interact with both semantic web 
applications and other software agents autonomously. When combined, these technologies have 
the potential to drastically reduce the amount of human input into hitherto knowledge intensive 
activities. In SCM these applications include sourcing, procurement, partner identification, 
design collaboration and materials management. Effort to develop this potential is resulting in 
growing numbers of academic publications. Commercial software is beginning to mature and 
some (mainly larger) organisations are beginning to build the technology into their future 
supply chain plans. 
This paper aims to help SME supply chain managers to better understand the potential 
capability and business benefits of these new technologies and how they might be adopted.  
Design/Methodology/Approach: A literature review summarises the development of the 
technologies themselves; their experimental testing and real world deployment. A survey of 
leading software providers offers a ‘snapshot’ of the emerging commercial offerings, and a case 
study gives further illustration of practical application. Finally a literature based comparison of 
the diffusion of the technology and the current trajectory of web services development provides 
evidence to suggest likely SME adoption models. 
Findings:  The review shows the potential of these WWW developments to be largely untapped 
in SME SCM. The technology itself is not properly mature, and only the largest commercial 
organisations are building its deployment into their plans. The investigation into the diffusion of 
similar innovations and the current trajectory of web service development in the SME sector 
indicate that the most likely model for SME adoption will be via third party service providers.   
Implications: The implications of the study for practitioners are that these are potentially 
important developments which should be taken into account when formulating longer term SCM 
and information technology strategies. From a research perspective, further work is required on 
the effects of the technology on supply chain performance and upon the human work content of 
SCM. 
Originality/Value:  The paper helps to place developments from the information systems 
world into the SCM community. These developments are shown to be some way off affecting 
practices at most SMEs, but the paper shows the enormous potential benefit, and argues for the 
most likely method of adoption. 
Key Words: e-business, web services, B2B, supply chain. 
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1. Introduction 
…The second side to the Web, yet to emerge, is that of machine-understandable 
information. As this happens, the day-to-day mechanisms of trade and 
bureaucracy will be handled by agents, leaving humans to provide the 
inspiration and the intuition. This will come about through the implementation 
of a series of projects addressing data formats and languages for the Web, and 
digital signatures… 
In the quotation above, Tim Berners-Lee (1998), a key figure in the development of the World 
Wide Web (WWW), alluded to a number of developments aimed at enabling a whole new set of 
information technology (IT) capabilities, where programmes would ultimately locate each other 
and interact autonomously via the Internet. He, and others, predicted that this new functionality 
would dramatically alter the way in which hitherto ‘knowledge intensive’ activities (e.g. 
information exchange aspects of SCM), are carried out (Alshawi, 2001; Jones et al, 2001 
Karageorgosa, et al 2003). Whilst some of the challenges to which he referred still remain, 
others are reaching a level of maturity whereby both software developers and business service 
providers are moving to market the technological potential. In the view of a growing number of 
academics and practitioners, the stage is set for a transformation in the use of IT perhaps more 
radical even than that brought about by the WWW itself (Maes et al, 1998; Tucker & Jones, 
2000; Wortmann & Szirbik, 2001; Ahn & Lee, 2004; Violino, 2003). 
The aim of this paper is to draw these innovations to the attention of the SME SCM community, 
explaining the technology, and positioning their current development status. In understanding 
and analysing the implementation trajectory, a view of the likely impact on companies in this 
sector is put forward. 
Research and development of the underlying technology and its commercial deployment is at a 
key stage (AgentLink III, 2004b). Many current applications are developmental and generic in 
nature, and yet there is evidence of commercial use, and some (mainly larger) organisations 
have announced their longer term intent to deploy (Anthes, 2003; Bybee, 2005; Magenta 
Technology 2004). Thus far there is little published work addressing the uptake or future 
adoption by SMEs. 
2. Approach 
This study has been conducted in the form of a review of both academic and practitioner 
literature, followed by an illustrative case study. The paper does not seek to engage with the 
issues raised by any of the sources that follow. Rather the work draws on these sources and 
accepts them more or less at face value so as to portray the current state of affairs in this 
socio-technical domain. 
The review summarises the development of the technologies themselves; their experimental 
testing and real world deployment. One of the complications in approaching the review at this 
point in time has been the very fact that developments are taking place so rapidly. Definitions 
often vary according to source, and there is a lack of consensus as to the final form for the 
necessary interoperability standards (Gandon, 2002). It was therefore decided to treat the 
question of definitions early in the review, and for clarity, to use a hypothetical ‘futuristic’ SCM 
application to illustrate the potentially beneficial functionality. Moving forward from this 
illustration, an explanation and definition of the underlying technologies is given. 
The next two sections of the review, and indeed the paper, address the question of timing of 
the commercial deployment of the technology, and refer to a number of trials.  
A survey of leading software providers offers a ‘snapshot’ of the emerging commercial offerings. 
A case study gives further illustration of practical application. Finally a literature based 
comparison of the diffusion of the technology and the current trajectory of web services 
development provides evidence to suggest likely SME adoption models. 
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3. Definitions and explanations 
As a preface to a more technical explanation and definition, the authors will describe an SCM 
application that has often been used to illustrate the potential of the technologies at the heart of 
the paper (Dasgupta, 1999; Gerber & Russ, 2001; Mondal & Tiwari, 2003; Pitkaranta, 2004). 
Consider the typical purchasing activity of selecting a vendor for a component in a new product 
design. 
Whilst it is essential that key decisions in the above selection process are made by company 
personnel, it is also true that some aspects are more routine. Time and effort on the part of 
both buying and selling personnel might be saved if software from the purchasing organisation 
were able to locate, and communicate with, software from suitable vendors. In a computerised 
replication of the manual process, the buying ‘software agent’ would be cognisant of a list of 
requirements, and would be able to interrogate the sellers’ systems, eliciting such information 
as availability, standard terms and conditions, lead times and even a baseline price. The buying 
software agent could then sort and rank the vendors, perform short listing functions and, in 
more clear cut purchasing decisions, suggest a vendor and even place the order. The extent to 
which the ‘automated’ computerised decision making would take over from the human would 
depend upon the nature of the component. For more critical components - which require 
customisation, design work, special manufacturing facilities or other services that are specific to 
the purchasing organisation - the buyers software agent might serve only to draw-up a ‘rich 
shortlist’ of information about suppliers with the necessary capability, capacity, location, and 
with acceptable price, quality and delivery commitment. 
Figure 1 (Pitkaranta, 2004) gives a high level diagram of an experimental system in which a 
software agent handles the request for quotation (RFQ) process, vetting the quotations and 
proceeding to contact acceptable vendors. The system is described in more detail later in the 
paper. 
 
Figure 1: (Pitkaranta, 2004) Overall process for B2B request for quotation. 
The above scenario illustrates the potential to partially or fully automate the buying process.  
With the rapid uptake of B2B E-Commerce some industries have already moved towards 
automating parts of the process using e-market places and other B2B mechanisms. ‘Vertical 
hubs’ also allow partners to network and collaborate securely. The best known exchange of this 
type is COVISINT (Covisint, 2005) which was developed by and for the automotive industry, but 
is now expanding to cover other sectors such as healthcare. Covisint provides an 'Industry 
Operating System'. The operating system allows partners (over 22,000 member companies):- 
 To safely share internal applications with external users 
 To automate external partner user lifecycle management and administration 
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 An affordable, effective partner portal for exchanging vital information and structured 
communications 
 Reliable data messaging (including EDI) between partner applications and systems 
As will be seen in the following sections, the features above bear similarity to the developments 
at the heart of this paper – but differ in the sense that they are limited to member organisations 
(as opposed to open and widespread across the WWW). Information exchanges do not yet have 
the agent capability to enable ‘intelligent’ processing of information that would allow greater 
automation of business processes to occur. 
Bearing in mind the hypothetical vendor selection process above, the developments defined in 
the following sections underpin the envisaged automation. 
3.1 The semantic web 
The idea of the semantic web was introduced by Berners-Lee et al (2001): 
 
"The Semantic Web is not a separate Web but an extension of the current Web 
in which information is given well - defined meaning, better enabling computers 
and people to work in cooperation." 
 
The organisation at the heart of, and driving the development of, the Semantic Web is the 
World Wide Web Consortium (W3C) who describes it thus (W3C, 2005):- 
 
“The Semantic Web provides a common framework that allows data to be shared and 
reused across application, enterprise, and community boundaries. It is a collaborative effort 
led by W3C with participation from a large number of researchers and industrial partners. It 
is based on the Resource Description Framework (RDF), which integrates a variety of 
applications using XML for syntax and URIs for naming” 
 
This new web will enable software applications on one computer to talk directly and intelligently 
to software applications on any other computer on the Internet (Jones et al, 2001). The label 
‘semantic’ is used to differentiate it from today’s web, which is designed for humans to read and 
use, rather than for computer programmes to manipulate meaningfully (Berners-Lee, 2001). In 
the paper, the authors mention four basic components that are necessary for the evolution of 
the Semantic Web: 
 
• Expressing meaning: The Semantic Web is aimed at bringing structure and adding 
semantics to the content of Web pages, hence creating an environment where software 
agents can roam from page to page and carry out sophisticated tasks on behalf of 
people. 
• Access to knowledge representations (KR): The Semantic Web is aimed at resolving the 
limitations of traditional KRs by creating a rules language that is expressive enough to 
allow the Semantic Web to reason as widely as desired. 
• Ontologies: Ontologies have a fundamental role in the Semantic Web, since they provide 
machines with the possibility to manipulate terms more effectively. With Web content 
referring to ontologies, various terminology problems can be solved. 
• Agents: The real power of the Semantic Web is realized when agents that are capable of 
handling semantic content are used to collect and process Web information and 
exchange the results with other agents. Issues like exchange of proofs and digital 
signatures will ensure that the results exchanged between agents are valid and can be 
trusted. 
  
3.2 Web services 
To computer programmers, web services refer to a set of programming standards used to make 
different types of software talk to each other over the internet, without human intervention 
(Kerstetter, 2005). One of the standards is XML, pioneered in the mid 1990’s. XML is a cross-
platform, software and hardware independent tool for transmitting information. It allows 
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programmers to define tags which describe the ‘type’ of data in a document. These tags are 
then recognisable and meaningful to other programmes.  
Another standard is ‘Standard Object Access Protocol’ (SOAP), which is a sort of ‘virtual 
envelope’ for computer code that acts like an introductory letter, saying what’s inside and where 
it should go (Kerstetter, 2005). 
Finally Web Services Definition Language (WSDL) offers the true potential for different types of 
software to interact without human intervention. 
Web Ontology Language (OWL) (W3C, 2005) is a language that can be used when the 
information contained in documents needs to be processed by applications, as opposed to 
situations where the content only needs to be presented to humans. OWL Services (OWL-S) is 
the Semantic Web Community’s approach to web services, led by the World Wide Web 
Consortium. It is seen to have potential to become the most widely accepted approach to web 
services because of its backing by the W3C, and because it belongs to the semantic web family 
of specifications (Pitkaranta, 2004). 
Further discussion of the development and acceptance of web services and the semantic web 
can be found in Berners-Lee (2003). 
3.3 Software agents 
In a broad sense, Russel and Norvig (2003) define an agent as being anything that can be 
viewed as perceiving its environment through sensors and acting upon that environment 
through actors. 
A software agent has been defined (Krupansky, 2005) as:- 
… a computer program which works toward goals (as opposed to discrete tasks) in a dynamic 
environment (where change is the norm) on behalf of another entity (human or computational), 
possibly over an extended period of time, without continuous direct supervision or control, and 
exhibits a significant degree of flexibility and even creativity in how it seeks to transform goals 
into action tasks… 
This definition allows another useful distinction to be made in relation to the use of agents in 
SCM semantic web applications. This is the definition between single and multi agent systems 
(Hendler, 1999). 
A single agent operates autonomously, and interacts with other programmes, parts of the 
network and humans (Krupansky, 2005), but not with other software agents. Multi-agent 
systems are made up of agents that interact with each other, as well as interfacing at all the 
points of a single agent. It is in the development of multi-agent systems that the most novel 
and powerful SCM application potential is seen (Jones et al., 2001). 
The term software agent is often used synonymously with “intelligent agent” or “autonomous 
agent”, the latter being more applicable to single agent technology (Pitkaranta, 2004). 
4. Application potential and business benefits 
4.1 Development examples at the micro level 
Eymann et al (1998) created a simulation environment Avalanche in order to investigate the 
role of software agents in the co-ordination of business transactions in order to inform the 
debate on whether future development of this technology would co-ordinate on an economically 
pluralist ‘move-to-market’ or centralist ‘move-to-hierarchy’ basis. Their experiments replicated 
a value chain executed through agent activities. The features of the experiment were that it 
consisted of a multi-agent system, a multiple–step value chain, local optimisation rules, self-
interested autonomous agents and economically interpretable protocols. The level of co-
operation that was observed led to the conclusion that a trade network was in operation and 
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that “agents disperse[d] over the network while cooperating and maintaining the value chain 
coordination.” Eymann et al (1998) p4 
In a further example of the deployment of software agents in the supply chain, Pitkaranta 
(2004) presents a Masters degree dissertation based upon delivery of a project co-funded by 
Tekes, the main public funding organisation for research and development in Finland, and VTT 
Information Technology, a commercial research institute. Amongst other things the dissertation 
provides outline specifications for agents by presenting supporting transition state diagrams (a 
typical IT technique for documenting process) and sections of computer code for two agents to 
operate in the business to business (B2B) environment. In both scenarios Pitkaranta points to 
the large ‘overhead’ in human work-effort and time expended in conducting these processes, 
making them suitable candidates for the introduction of agent technology. The first is a 
collaboration scenario; an expediting process. The second is a purchasing process. 
Collaboration is the more complex of the two and requires some form of learning and 
behavioural capability. This would be enshrined in ‘interaction protocols’; the rules of 
engagement for any party in the expediting process. These protocols would have been 
developed by contactors and suppliers prior to any commercial activity and made available for 
software agent use via an appropriate medium e.g. the Internet. In this way, a software agent 
involved in executing the expediting process could download protocols as and when required, 
making the process ‘self-managing’. 
Purchasing is deemed a less complex process, with routine tasks in the location of products and 
services and the negotiation for their delivery seen as amenable to ‘automation’ via agent 
technology. This is seen as an extension of moves toward greater supply chain information 
integration based upon existing contractual arrangements. This system would not have the 
dynamic characteristics previously described; the process would be automated to the extent 
that “decision points between agents and company personnel are divided so that the routine 
tasks are done automatically by agents and the crucial decisions by the company personnel.” 
Pitkaranta (2004) p62 
4.2 Development examples at the macro level 
It is therefore apparent that the technology that originated in the computer science laboratory 
is finding specific application to the requirements of supply chain management. If effective 
software agents can be created, what of the environment within which they would operate? 
In their Consumer Buying Behavior (CBB) Model, Maes et al (1999) present a paradigm that can 
be applied to agent-based commerce. The model consists of six stages: need identification, 
product brokering, merchant brokering, negotiation, 'purchase and delivery' and 'service and 
evaluation'. Although based on retail markets the authors assert that these principles are 
transferable to transactions between businesses and transactions between consumers. 
The model provides a framework around which to develop individual agents and supporting 
technologies. They deduce that agents will play the role of mediator in e-commerce due to their 
capability to fulfil each of the six phases of the model thus acting on behalf of the consumer. 
“The personalized, continuously running, autonomous nature of agents makes them well-suited 
for mediating consumer behaviors involving information filtering and retrieval, personalized 
evaluations, complex coordination, and time-based interactions. These roles correspond … to … 
the buying behavior model.” Maes et al (1999) p82 
Echoing Pitkaranta they point to the reduction in information overload and the ability to 
“expedite specific stages of the on-line buying process.” Maes et al (1999) p84. The potential 
for the commercial deployment of agents is presented as a likely extension to e-commerce and 
e-business. Furthermore they foresee changes to the nature of business relationships, arising 
from an agent-based economy, transforming transactions into dynamic and transient coalitions 
where markets become increasing perfect (in the terminology of classical economic theory). 
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A significant aspect of the article by Pau and Vervest (2003) is in the vocabulary used in the 
title which encapsulates their concept of the commercial application of software agents. Each 
phrase has a particular relevance to the topic of agent technology deployment per se and the 
level of actual deployment maturity. The model put forward is one which seeks to couple the 
existence of agents closely to the information transport network. The authors see the 
communications infrastructure as creating the platform for a business network; not independent 
from but dependent upon the communications network by virtue of the fact that the agents can 
only act by reference to and in concert with the communication network. 
This would require a modular approach, consisting of actors which process service and 
production modules in order to, for example, expedite a customer order. 
The authors draw attention to the heretofore mode of operation of business process 
management whereby the data models enshrined in business software applications software 
have been fashioned into an information system through the assembly and connection of 
discrete software packages. Pau and Vervest’s proposal, in contrast, requires that the process 
logic be abstracted from the software application and its operating environment into modules so 
as to “… divide process … over a number of different actors - defined as organizational entities - 
that are connected together via a communications infrastructure.” Ibid p2 
Pursuing a similar thread of business process management Jennings et al (2000) present a 
comprehensive exposition of an alternate model based upon an existing technology (including 
an associated case study of an actual deployment). 
The paper commences with a reminder of the significance of business processes, how these are 
related to organisational performance and the role played by information systems in supporting 
business processes and therefore successful organisations. It is stated however that present 
technologies are reaching the limits of their effectiveness as organisations become larger, more 
dynamic and information-hungry at all levels and locations. 
It is proposed that a new approach to business process management is required that can handle 
the real-time interdependencies of disparate components, namely agent technology. The paper 
draws on the work of project ADEPT (Advanced Decision Environment for Process Tasks) which 
considers the operation of agents from a bottom-up principle i.e. the requirements of the 
business processes are first considered and conceptualised, the agents designed and developed 
and then implemented. “The business process is viewed as a collection of autonomous problem-
solving entities that negotiate with one another and come to mutually acceptable agreements 
that coordinate their interdependent sub-activities. The main advantages of this approach over 
more traditional counterparts such as management information systems, workflow 
management, and enterprise integration are that it offers greater flexibility, agility, and 
adaptability.” 
The following conceptual diagrams illustrate the nature and scope of the ADEPT approach. 
 
 
Figure 2: Jennings et al p 156 – The ADEPT implementation system 
Institute for Small Business & Entrepreneurship   28th National Conference - November 2005 
Developments in WWW technology and their impact on supply chain management in SMEs Track E 
Authors:  Dr Julian Coleman & Mr Jon Edwards  Page 8 of 18 
 
 
 
Figure 3: Jennings et al p 160 – Functional architecture of an ADEPT agent 
“The work represents one of the few applications of multiagent techniques to real-world 
problems … [it] also makes contributions to the field of automated negotiation; previous work 
either made assumptions that are unrealistic for practical implementations or failed to 
adequately capture the richness of negotiation required in practical applications.” Jennings et al 
p146 
 
In an example of the real-world deployment of such a business process management 
philosophy, Anthes (2003) presents Procter & Gamble’s (P&G) supply network, the company 
favouring this term over the more usual supply chain as more fitting to a dynamic business 
scenario characterised by the high level of collaboration required to co-ordinate activities in an 
environment of multiple demand points and supply sources with variability of both demand and 
supply. An overview of Procter & Gamble’s supply network based upon agent technology is 
presented in figure 4. 
The article features other companies using agent-based modelling and also those companies 
involved in providing the technology. 
 
  
 
Figure 4: P&G’s Agent-Enabled Supply Network in 2008. Antes (2003) 
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Navi Radju, an analyst at Forrester Research Inc., is quoted as saying that P&G, as a very 
forward-looking company, is prepared to adopt a new technology that effectively places 
management, optimising and control of a key business process outside of its jurisdiction. He 
believes that other companies will in time become adopters, probably following the offering of 
agent-based supply chain optimisation packages by major software houses. At that time “the 
technology will shed its image as the intellectual domain of PhD mathematicians.” 
Widespread adoption is unlikely to mean the end of human involvement in supply chain 
management. It is likely that in the same way that early computerisation led to automation of 
business activities, but also the ‘infomating’ (Zuboff 1988) of organisations, that the expansion 
of the Internet and World Wide Web WWW has led to e-business and information exchange 
opportunities that this technology holds the promise of adding value to organisations and 
providing more effective and efficient supply chain management. 
The spectacular promise of agent technology, in predictions such as those by both Radju and 
Hermans (see below), has yet to be realised. The following diagram, in providing a partial 
explanation of why this may be, paradoxically points to a future where software agents will play 
a significant part in information systems. 
 
Figure 5: The agent technology Hype Cycle. (AgentLink III, 2004b) 
The market-place for this technology has however probably yet to ‘bottom-out’ from the trough 
of disillusionment having reached the point ‘Intelligent Agents/Web Services Business Models’. 
5. Deployment status 
The view of the authors of this paper is that the technology is transitioning from theoretical 
domain (academic and practitioner) to application domain (figure 6) e.g. work of BT’s iOpt 
(British Telecom 2004a and British Telecom 2004b) and the previous work of BTexact 
technologies (Jennings et al 2000). It could be argued therefore that the technical case has 
been proven and that what lies ahead is potential adoption. 
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Figure 6: Representation of technology transfer 
Hermans, writing in 1996, offers “an inventory of currently offered functionality [of intelligent 
software agents on the Internet] in the information society and a prediction of (near-) future 
developments”. He is writing at a specific point in time, and offers to “take a cautious look into 
the future of agents” Hermans (1996) p53. The starting point of the investigation had been the 
identification of the beneficial role played by agent technology in the sifting of information. This 
was of significance as it was believed that the tools available at that time would not cope with 
the information deluge predicted from the development of the then fledgling World Wide Web 
and the Internet. 
The thesis is of twofold relevance here. First, a comparison of the prediction against the reality; 
not in order to measure the credibility gap but to assess how many of the pre-conditions for 
adoption have indeed been met, thus enabling a measurement of finer granularity (e.g. 
predictions on e-commerce) which in fact strengthen rather than weaken the case. Second, to 
assess how much of the prediction is still relevant following almost 10 years of, for Hermans at 
the time of the prediction, unknowable developments. 
The thesis anticipates that software agents of the future will exhibit the following 
characteristics; collaboration, learning, autonomy, negotiation skills and 'emotions’. Legal and 
ethical issues will need to be addressed. 
The information systems user interface was seen to have developed an anthropomorphic 
quality, estimated as being commonplace by 2001. Furthermore a prediction was made that by 
2005, software agents would be responding to natural language, resolving ambiguity by 
reference to user preferences and to the user models and would have reached a level of 
sophistication such that they could not only be acting independently of users and in concert with 
other software agents but would also be self-generating. 
Another outcome foreseen by that time, (2005), was the role of technology actively engaged in 
the e-commerce process through agents anticipating the needs and wants of a user, finding 
suitable products and making purchases. Twenty-five percent of PCs and workstations would be 
so configured as to allow agent-managed online shopping. 
Hermans sensibly states “from the current situation it cannot be easily deduced which path 
future developments will follow.” Ibid p 74 
It was acknowledged that significant organisations in the IT industry had, at that time, agent 
technologies or agent-like techniques and applications under development. These manifested 
themselves as wizards, a forerunner of true agents, and search-engines, employing search 
agents or agent-like variations. 
In keeping with the central thread of the thesis and conditioned by the state of affairs at the 
time, Hermans points to the immediate applications for agent technology; scanning Usenet 
articles, the WWW and the Internet for information. 
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His prediction is in keeping with the thread that has been developed. 
"Agents will be a highly necessary tool in the process of information supply and demand. 
However, agents will not yet be able to replace skilled human information intermediaries. In the 
forthcoming years their role will be that of a valuable personal assistant that can support all 
kinds of people with their information activities." Ibid p 77 authors’ italics. 
It is evident that, based on the literature available to the authors and consequently not 
available to Hermans is that agent activity has transcended the information domain such that in 
all likelihood this technology will replace human intermediaries. Agents will play the role of 
intermediaries and will therefore be much more than "a valuable personal assistant". 
Hermans’ qualifier still has significance in that it will be those tasks that can be done by agents 
will be done agents. A far greater range of tasks are now recognised as being amenable than he 
could have anticipated. Crucially the determinant still is the question of trust; i.e. what tasks 
are considered as suitable to be delegated to agents and which tasks ought to remain under the 
control of humans. 
6. Survey of commercial software development 
In a survey of commercially available agent software, four examples were found, and are 
presented. With the permission of the companies, the text has been taken directly from their 
marketing material. To aid presentation, this text has been structured into sections and shown 
as exhibits in the paper. This approach provides an unfiltered presentation of examples from the 
relatively small number of commercial offerings currently available. Table 1 provides a list of the 
companies and products. 
 
Company Product Information 
Agentsis Software Goal-DirectedTM Agent Technology www.agentissoftware.com 
Magenta Technology i-Schedulers www.magenta-technology.com 
Sockeye Solutions Bespoke applications www.sockeyesolutions.com 
Whitestein Living Systems® Adaptive Transportation Networks www.whitestein.com 
Table 1: Commercially available agent software 
6.1 Agentsis Software 
At the heart of the Agentsis offering (Agentsis, 2005) is a trademarked agent technology “Goal-
Directed Agent” (GDA). Providing the basis for the company’s platform “Adaptive-Enterprise 
Solution Suite”, the agent technology allows a new approach to building and maintaining 
composite applications. The benefit of using agent technology in the Agentsis composite 
application package is that it removes the need for additional task-managing, integration, or 
workflow technologies. 
6.2 Magenta Technology 
Agent technology and the semantic web is used in the Magenta technology ‘i-Schedulers’ 
(Magenta Technology, 2005). Agents react and respond to altering events and data sources, up-
dating and balancing schedules. A family of applications is offered, including “Logistics i-
scheduler” and “Ocean Fleet i-Scheduler”.  
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6.3 Sockeye Solutions 
A number of solutions are offered, using agent based technology, to aid in adaptive supply 
chain collaboration (Sockeye Solutions, 2005).The stated philosophy behind this suite of 
offerings is that much of supply chain collaboration entails managing complex business 
processes, and whilst the business processes should concentrate on what activities have to be 
done, when they should be performed, and by whom, the actual execution of the activities can 
be performed by agents. 
 
6.4 Whitestein Technologies 
Agent technologies are used in a suite of software with the generic title of LS/ATN Living 
Systems (Whitestein Technologies, 2005). ‘Adaptive Transport Networks’ provides automatic 
optimisation of full and part truck loads. ‘Adaptive Production Networks’ provides monitoring 
and optimisation of a production process, and ‘Adaptive Supply Networks’ provides distributed 
stock management. 
 
7. Application case study – The Inter-Company Supply Chain 
The case study is based upon an organisation still in existence but now in a different 
organisational form and reflects the system architecture that was deployed in the late 1990s. 
This case can however provide a template against which to illustrate the structure of a future 
potential supply chain. 
Although this is the supply chain of one organisation there are two important considerations for 
its selection. First, the culture of the organisation was such that it operated as a collection of 
quasi-independent companies. Second, the project that created the integration of the various 
operating units was ground-breaking in connecting all units within a single information system. 
One objective of the project was to calculate replenishment requirements based upon the 
planning algorithms embedded within the supply chain software using inventory and forecasts 
provided from local transaction systems and planning parameters agreed by the trading 
partners. A logical model of the supply chain information system is provided in figure 7. It 
shows a one-dimensional view of the supply chain. The market groupings represent country-
specific, market-facing commercial companies of two distinct types. The manifold manufacturing 
companies are represented in two groupings by type of manufacturing facility. The supply 
organisations traded in those countries without a corporate presence. The physical model has 
three manufacturing phases; base product, intermediate product and finished product, at which 
point a customer-facing operating unit markets and sells the market specific pack. A suitable 
analogy for the production to market process would be the provision of confectionery from 
primary ingredients. This is illustrated in figure 8. The base product is refined sugar in various 
grades. The intermediate manufacturing process is the boiling of sugar to different 
temperatures and rates of cooling and the adding of ingredients to produce toffee or fudge. The 
final manufacturing process is the conversion of the intermediate into consumer packs, e.g. 
individually wrapped toffees in bags, count-line bars etc. The difference in product designation 
is market specific, e.g. Snickers and Marathon. 
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Figure 7: Case study Inter-Company Supply Chain System overview of data interfaces 
Figure 7 also illustrates the extent of the data that is exchanged between the operating units 
and the Inter-Company Supply Chain System. The latter consists of The Supply Chain Software 
within a middleware framework that enables the exchange of information via data interfaces 
developed in accordance with EDIFACT standards. 
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Figure 8: Typical Supply Structure – CFXA (Product CF or ZT) 
The Supply Chain Software is a “standard” Distribution Resource Planning (DRP) product. It 
receives information on a daily basis on inventory, forecasts and existing requirements and then 
calculates the net requirement, i.e. the amount of a product to be delivered from customer to 
supplier to meet customer demand, for each Stock Keeping Unit (SKU). An SKU is a product at 
a particular storage location. 
Figure 9 shows the schedule of sub-processes that constitute daily planning cycle. It is 
designated “Whizzer” after the commercially available software that manages the sequence and 
execution of batch jobs. 
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Figure 9: Schedule of data processing batch jobs required for the Inter-Company Supply Chain System 
The physical and information supply chain moves to the rhythm of the ‘heartbeat’ determined 
by the Inter-Company Supply Chain System; the daily receipt of inbound data interfaces, the 
‘pulse’ of the planning process and the transmission of outbound interfaces. 
Supply Chain Management executed through software agents by contrast moves to the rhythm 
of events happening within the supply chain, managed by software agents. 
8. Impact on SMEs 
The preceding case study, software survey and software pilot studies have, in the main, been 
related to situations where larger organisations either have the potential, or are currently 
planning to use agent based software and and/or semantic web technology. As in the adoption 
of previous information technology developments it is likely that larger organisations will be first 
to experiment (Windrum & Beranger, 2002) and the impact will spread to SME suppliers in their 
networks. 
It can, however, be seen that this technology and particularly its application is in its infancy. 
Even within larger organisations (such as P&G described earlier in the paper), the potential 
benefits are only recently receiving attention from supply chain developers. 
Especially in the examples using multi-agent systems, it can be seen that one of the chief 
benefits of these technological developments is in allowing actions to take place across 
organisational boundaries, according to predetermined rules, but with much less need for 
human interjection.  
The functionality is in the domain of the highest level of complexity on the five stage ‘e-business 
adoption ladder’ used by the UK Government to benchmark progress towards full ‘e-business’ 
(DTi, 2004), that of ‘inter-organizational collaborative networks’. Significantly, instances of 
companies operating at that level remain low. 
SMEs typically provide capabilities that their larger customers do not have, or cannot cost 
effectively create (National Research Council, 2000). They often have access to specialised 
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product or process technology, can be more cost efficient, faster to respond to change and can 
spread specialist capability cost over larger production volumes by serving multiple customers. 
With these factors in mind, outsourcing from larger organisations is still on the increase, and 
the SME sector in many global economies is growing (Brown et al, 2005). 
Retaining control in the resulting more complex supplier networks becomes a key objective for 
the larger customer companies and integration through collaboration and information sharing 
becomes more of a necessity (Alshawi, 2001).  
Under these conditions the question of SME uptake becomes less to do with whether a business 
case can be made at the SME for investment, and more to do with the uptake of the technology 
as a whole, and in particular the enthusiasm with which it is accepted at the larger customer 
organisations. 
Adoption is currently too low to be significant. However the reported technology has the 
potential to realise some of the economic and competitive benefits of increased integration, and 
this paper evidences embryonic attempts by software providers and larger end users which may 
well over time become widespread at SMEs. 
Conclusions from the US National Research Council study into the readiness of SMEs for higher 
levels of integration suggests that senior management should …”closely monitor changes in 
information technology and invest now in basic capabilities, plan for future investments to 
support their competitive position, and study how and when to integrate their systems with 
those of other supply chain participants….Although the highest levels of communication 
capabilities can provide incredible competitive power, they are too complex and costly for most 
small and medium-sized manufacturing enterprises. These technologies should be monitored 
closely because their costs and ease of implementation are improving dramatically…”(National 
Research Council, 2000) 
These comments are judged by the authors to be particularly apposite in the context of agent 
technology and the semantic web. 
9. Conclusions 
As with other areas of rapidly developing technology, claims of functionality are made ahead of 
detailed development and trials, and time alone tells of the true impact. The hype surrounding 
the Semantic Web, Software Agents and Intelligent Web Services is still present. This paper has 
reported upon the theoretical capability of the technologies, and placed the developments within 
an ‘incubation’ domain, upon the continuum from conceptualisation to deployment. 
The underlying technology is by no means complete. ‘Competing’ languages, standards and 
applications are under development and here again, time will tell which ones are accepted. 
Crucial elements of the technology such as how to deal with trust are still unresolved. 
However, what can be said is that the weight of evidence suggesting both technological 
capability and commercial potential is growing. The ‘capability’ of the technology is to engender 
decision making that allows chains to move at a more natural (or optimum) rhythm dictated by 
events happening in the chain, rather than constrained by the cycle of rules based planning 
systems.  
Whilst it may well be years if not decades before SCM at SMEs will be radically changed with the 
use of software Agents and the Semantic Web, it appears likely that the technology will be 
deployed at some point, and the most likely driver will be larger customer organisations in their 
own pursuit of increased supply chain integration. 
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